
Is this Nano?

Nanotechnology is a “system of innovative methods to control and manipulate
matter at near-atomic scale to produce new materials, structures, and devices”.

Nanomaterials  
(NMs)

Materials in the range of 100 nm are considered to be nanoparticles. They exhibit a wide range of
properties, including optical, electrical, catalytic, magnetic, and biological activity.



Metal nanoparticles are tiny particles of metals that have dimensions typically in the range of 1 to 100 nanometers. At this 
scale, materials exhibit unique physical, chemical, and optical properties that differ significantly from their bulk 
counterparts due to quantum effects and a high surface area-to-volume ratio. Here are key features and details about 
metal nanoparticles:
Characteristics of Metal Nanoparticles
1.Size and Shape:

1. Their nanoscale size gives them distinct properties.
2. They can have various shapes like spheres, rods, cubes, or plates, which influence their behavior and applications.

2.High Surface Area:
1. Due to their small size, metal nanoparticles have a high ratio of surface atoms compared to bulk materials, 

enhancing their reactivity.
3.Optical Properties:

1. Metal nanoparticles exhibit localized surface plasmon resonance (LSPR), where electrons resonate with light at 
specific wavelengths, leading to vibrant colors (e.g., gold nanoparticles appearing red or purple).

4.Quantum Effects:
1. The electronic properties of metal nanoparticles are size-dependent, making them useful in catalysis, electronics, 

and quantum dot technologies.

Metal nanoparticles



Applications
1.Catalysis:

1. Metal nanoparticles accelerate chemical reactions due 
to their high reactivity and surface area.

2.Biomedical Uses:
1. Targeted drug delivery, cancer treatment, imaging, and 

biosensors.
3.Environmental Remediation:

1. Removal of pollutants or heavy metals from water and 
soil.

4.Electronics:
1. Used in conductive inks, circuits, and memory devices.

5.Optics and Photonics:
1. Enhancement of optical devices and sensors using their 

plasmonic properties.
Safety and Environmental Considerations
While metal nanoparticles have exciting applications, their 
potential toxicity and environmental impact are subjects of 
ongoing research. Careful assessment and regulation are 
essential to balance benefits with risks.
Metal nanoparticles are a frontier of nanotechnology with 
immense potential across industries, driven by their unique 
properties at the nanoscale.

Common Types of Metal Nanoparticles
•Gold (Au) Nanoparticles: Widely used in 
medical imaging, drug delivery, and as 
catalysts.
•Silver (Ag) Nanoparticles: Known for their 
antimicrobial properties, used in coatings and 
textiles.
•Platinum (Pt) Nanoparticles: Used in fuel 
cells and as catalysts in chemical reactions.
•Iron (Fe) Nanoparticles: Often employed in 
environmental remediation and magnetic 
applications.

Synthesis Methods
•Physical Methods: Laser ablation, 
evaporation-condensation techniques.
•Chemical Methods: Reduction of metal salts 
in solution using reducing agents like citrate 
or borohydride.
•Biological Methods: Utilizing plant extracts, 
bacteria, or fungi for eco-friendly synthesis.
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Metal based Nanoparticles



Metal Nanoparticles application fields



Nanoparticles in food technology, an overview



Commercial low-density polyethylene (LDPE) films coated using a layer-by-layer (LbL) technique
by alternating the deposition of polyethyleneimine (PEI), poly(acrylic acid) polymer (PAA)
solutions and antimicrobial silver nanoparticles (Ag).

2 different LbL condition

Modified pH 
(MpH)

PEI pH 9
PAA pH 6,5

Non-Modified pH
(NMpH)

PEI pH 10,5
PAA pH 4

PEI PAA

LDPE

(d) LbL coated (3 coating) immersed in 0,5% AgNO3, (e) LbL coated (3

coatings) immersed in 2% AgNO3; and (f) LbL coated (3 coatings) immersed in

5% AgNO3. Scale bar = 500nm

The colour changes of a) LDPE films and b) LDPE LbL

coated (3 coatings) films without Ag and c) AgNPs presence

on LDPE LbL coated (3 coatings) films immersed in 0,5%

AgNO3, or d) AgNPs presence on LDPE LbL coated with (3

coatings) film immersed in 5% AgNO3 and UV/ozone

treated for 20 min.

Inibition zone 
(mm2)

Film S. aureus P. fluorescens

LPDE films 0.00 0.00

LPDE + PEI/PAA (MpH) 350.4 ± 13.30 694.8 ± 19.15

LPDE + PEI/PAA (NMpH) 460.0 ± 25.41 737.0 ± 15.08

Nanoparticles application in food technology



(Inhert)

MNPs

Advantages of metal nanoparticles for analytical purposes



Localized Surface Plasmon Resonance (LSPR) is a phenomenon where conduction electrons on the surface of metal 
nanoparticles oscillate collectively in resonance with the electromagnetic field of incident light. This effect occurs in 
nanoparticles of certain metals, such as gold (Au), silver (Ag), and copper (Cu), when they are illuminated by light of specific
wavelengths.

Key Features of LSPR
1.Localized Nature:

The oscillation of electrons is confined to the surface of the nanoparticles due to their small size and interaction with 
light.

2.Size and Shape Dependence:
The resonance wavelength of LSPR is highly dependent on the size, shape, and composition of the nanoparticles. For 
example:

a. Spherical gold nanoparticles typically resonate with red or green light.
b. Rod-shaped particles may shift the resonance to infrared or other regions.

3.Material-Specific Behavior:
Noble metals like gold and silver exhibit strong LSPR because they have free electrons that can oscillate easily under an 
electromagnetic field.

4.Sensitivity to Environment:
The LSPR frequency is influenced by the surrounding medium, including the refractive index. This property makes LSPR 
highly sensitive for detecting changes in the local environment.



Applications of LSPR
1.Sensing:

Biosensors: Changes in the LSPR frequency can detect 
biomolecules binding to a nanoparticle’s surface.
Environmental Monitoring: Detecting pollutants or 
chemical changes in a medium.

2.Medical Imaging:
Enhanced contrast in imaging techniques due to strong 
light scattering by nanoparticles.

3.Photothermal Therapy:
Gold nanoparticles can absorb light at their LSPR 
frequency, converting it into heat for targeted cancer 
treatments.

4.Catalysis:
Enhanced catalytic activity due to the intense localized 
electromagnetic field at the nanoparticle surface.

5.Optoelectronic Devices:
LSPR enhances light-matter interaction, improving the 
efficiency of devices like solar cells and LEDs.

Advantages of LSPR
•High sensitivity to small environmental changes.
•Tunable properties by modifying the nanoparticle size, shape, 
and material.
•Versatility in biological, chemical, and physical applications.

Mechanism of LSPR
1.Interaction with Light:

When light strikes a metal nanoparticle, it 
causes the free conduction electrons (from 
the metal’s conduction band) to oscillate 
collectively at a specific frequency.

2.Resonance:
If the frequency of light matches the 
natural oscillation frequency of the 
electrons, resonance occurs. This amplifies 
the oscillation and enhances the 
electromagnetic field around the 
nanoparticle.

3.Energy Dissipation:
The resonance leads to strong absorption 
(not as electronic transitions of molecules!) 
and scattering of light. The absorbed 
energy can dissipate as heat or radiate as 
scattered light.



Localized Surface Plasmon Resonance (LSPR)
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Metal nanoparticles optical key features
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Plasmonic-activenanostructuredmaterialsfor sensingandbiosensing

Colloidal
metal nanoparticles  

based assays

LocalizedSurfacePlasmonResonance
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Metal nanoparticlesformation.

Mainstrategy



Metal nanoparticlesformation

Reducingcompoundsevaluation troughAu andAgNPs formation

LSPR



Metal nanoparticlesformation

… Nanomaterial-based method for estimating the
antioxidant activity relies on the polyphenol-mediated
growth of MNPs (AuNPs and AgNPs), and optical
monitoring of the corresponding plasmon absorption
bands…

SCAMPICCHIO, Matteo, et al. Nanoparticle-based assays of antioxidant activity. Analytical chemistry, 2006, 78.6: 2060-2063.

Phenolic content andantioxidant capacityevaluation troughAuandAgNPsformation



- Total polyphenols determination (40C°)

- Extraction free: directly applicable in fat

sample matrix

- Low amount of sample is required (30 µL)

- Rapid and robust

- Sensitive

Total assay time: 10 min

- AoC evaluation

- The pH (8) avoid sugar interference

- High correlation with classical

methods for antioxidant

determination

- Sensitivity to intrinsic antioxidant

power (o-diphenols most reactive)

Total assay time: 25 min

DELLA PELLE, Flavio, et al. Gold nanoparticles-based extraction-free

colorimetric assay in organic media: an optical index for determination of

total polyphenols in fat-rich samples. Analytical chemistry, 2015, 87.13:

6905-6911.

DELLA PELLE, Flavio, et al. Development of an Optical Sensing Strategy Based on Gold

Nanoparticles Formation Driven by Polyphenols. Application to Food Samples.

In: Sensors. Springer, Cham, 2015. p. 39-46.

Polyphenols sensing



Metal nanoparticlesformation

Epicatechin concentration:
2, 4 and 6 μM

Epicatechin concentration:
70, 90, 110 μM

Phenolic content andantioxidant capacityevaluation troughAuandAgNPsformation

AgNPs AuNPs

R



Metal nanoparticlesformation

Phenolic content andantioxidant capacityevaluation in teasand infuses

MNPs spectra obtained with AgNPs-RT (A), AgNPs-HT (B) and AuNPs (C) assays using increasing volume of the sample ‘RE’ (‘relax’)



Metal nanoparticlesformation

Sugarscontentevaluation troughAgNPsformation

LSPR max 430 nm

Monosaccharides Polyols

Diosaccharides
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Metal nanoparticlesformation

AgNPsMorphological study
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Ion chromatography (g 100mL-1)

Metal nanoparticlesformation

Recovery between 86 % and 118 %

Determinationof total sugars in real samples:AgNPsmethod vs. ion chromatography

Sample analysis

Samples challenged

• Soft drinks n° 6

• Apple extracts n° 6

Rel. error between

-14.9 and + 9.9 %

R = 0.994



Metalnanoparticle-
based  seed-growth
strategies



Metal nanoparticlesgrowth

Mainstrategy



Metal nanoparticlesgrowth

Quercetin

Catechin

Gallic acid

Caffeic acid  

Ascorbic acid

AgSD

AgSD@Gallic acidAgSD

Phenolic content andantioxidant capacityevaluation troughAgSDgrowth



Metal nanoparticlesgrowth

Phenolic content andantioxidant capacityevaluation via AgSDgrowth
Standardsevaluation adsampleanalysis

Recovery study Methods reliability



Metal nanoparticlesgrowth

Xylitol monitoringtroughAuNPs growth

Seed formation and growth phenomena study Dose-response kinetic and curve



Xylitol monitoring 1 h of chewing-gum

Methods evaluation for sample
analysis

Recovery study

Xylitol decay

Xylitol monitoring in humansalivatroughAuNPsgrowth

Metal nanoparticlesgrowth



Metalnanoparticle  
etching



Metal nanoparticlesetching

Mainstrategy



Metal nanoparticlesetching

H2O2determination troughMNPsetching PDDA- Poly(diallyldimethylammoniumchloride)



Metal nanoparticlesetching

Etchingphenomena study

NoEtchingphenomena



Metal nanoparticlesetching

Etchingphenomena study. H2O2determination



Metal nanoparticlesetching

Glucoseandcholesterol evaluation troughMNPsetching



Metal nanoparticlesetching

Glucoseandcholesteroldetrmination troughMNPsetching

Recovery study

Sample analysis

Etching

Dose-response curve



Metalnanoparticle  
aggregation



Metalnanoparticlesaggregation

Mainstrategy

Metal salts

Reductant

MNPs Analytes

Aggregated
MNPs

Functionalization



Metalnanoparticlesaggregation

Immuno-baseddetermination of HIgG



Metalnanoparticles integration onto solidsubstrates

!!!Lab-on-a-strip  
Device!!!



Metalnanoparticles integration onto solidsubstrates

MainPointof  Care andPointOn Needs device requirements

S pecific
U ser friendly

2x R apid & robust  

E quipment-free

D elivered

Point ofcare/needdevices

A ffordable

S ensitive

Cost performance  

Manufacturing 

Mass production



Paperaselectivesubstrate



Paperaselectivesubstrate

Kindof paper basedsubstrates



Paperaselectivesubstrate

Papercabetailored



Paperaselectivesubstrate

Fromplasmonic… Towardscolorimetric strategies

LocalizedSurfacePlasmon
Resonance



Paper-basedcolorimetric sensor

Reaction mix 

Metal precursor  

Capping agent 

Buffer
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Phenolic content andantioxidant capacityevaluation troughAuNPsformation



Paper-basedcolorimetric sensor

Phenolic content andantioxidant capacityevaluation troughAuNPsformation

Sample dose-response curve

Sample analysis



2 CeO2 + 3 C6H8O6 → Ce2O3 + 3 C6H6O6 + 2 H2O

+ CeO2
From dispersed

system

to paper support

[CeO2] 0.0025, 0.005, 0.01, 0.1, 1, 2, and 4%

Optimization
[CeO2]= 4%

Caffeic acid (0,45 mM) reacted [CeO2]

Uv-vis spectra of ceria nanoparticles dispersion (13 ppm) in the presence and abesence of selected antioxidants.

Trolox Ascorbic acid Gallic acid Vanillic acid

Paper-basedcolorimetric sensor

Phenolic content andantioxidant capacityevaluation troughNanoCeria formation



Tested interfering compounds

Common lab solvent:

- water,

- ethanol,

- acetone

Common sugar presents in:

- juice,

- wine,

- commercial teas

Paper-basedcolorimetric sensor

Phenolic contentandantioxidant capacityevaluation troughNanoCeria formation
Dose-response curve

Interferents evaluation



Total assay volume: ~ 80 uL

Paper-basedcolorimetric sensor

Assay simulation with a colorimetric dyeAssay format

Extraction-freeolive oil phenolic compounds evaluation troughaseedgrowthstrategy

Lab-on-a-strip fabrication



Paper-basedcolorimetric sensor

Extraction-freeolive oil phenolic compounds evaluation troughaseedgrowthstrategy
Color analysis

R GB
R G B



Paper-basedcolorimetric sensor

No interterferences by compounds commonly present in EVOO

EVOO samples’ phenolyc compounds content

Low Mean High

Extraction-free olive oil phenolic compounds evaluation troughaseedgrowthstrategy

Dose-response curve
Sample analysis, analytical performances



Paper-basedcolorimetric sensor

Pesticides determination trough MNPsaggregation integrated inapaper-baseddevice

MNPs



Paper-basedcolorimetric sensor

Dose-response curve and analytical parametersAnalytes screening

Pesticides determination trough MNPsaggregation integrated inapaper-baseddevice



CO2-Laser 
Plotter (λ= 10.6 µm)

Strategy: Laser-Induced Metal Nanoparticles (LIM) 

PRE POST

4+

LASER-INDUCED 

MNPs → LIM

IR 

(λ= 10.6 µm)

FORMATION MECHANISMS



3,3',5,5'-Tetramethylbenzidine 

(TMB)

Drying

Glass fiber (GF)

Sensing layer: GFTMB

LIM: Colorimetric determination of Ascorbic Acid

Device manufacturing

Cutting plotter
PET

Adhesive stencil

1) Modules fabbrication

LIM-nPt

GFTMB

2) nanoCatalysts and Sensing layers assembling

Modules alignment Modules assembling



1 min Flip

Assay Steps – Flip-PAD

LIM: Colorimetric determination of Ascorbic Acid

Sensing strategy

Coloress

BLUE

2 e-

GFTMB

LIM-nPt

Buffer

LIM-nPt + AA

Sample

LIM-nPt
Sample

LIM-nPt

GFTMB

Flip-PAD

X



Sensing strategy and Nanozyme mechanisms hypotesis

LIM: Colorimetric determination of Ascorbic Acid
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Assay development

LIM: Colorimetric determination of Ascorbic Acid

Vs.
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L-Ascorbic acid (AA) Ascorbate

Ascorbic acid determination

y= 0.097x + 8.135

R2= 0.990

y= 0.184x + 7.292

R2= 0.991

L.R.: 31- 250 ppm; 

LOD= 6.5 ppm

RSD≤ 12%, n= 3

L.R.: 31- 500 ppm;  

LOD= 8.9 ppm

RSD≤ 11%, n= 3

Ctr Ctr

LIM: Colorimetric determination of Ascorbic Acid

ppm ppm 



Sample Flip-PAD std.dev.
Enzymatic

Photom. kit
std.dev.

RELATIVE 

ERROR

mg 100g-1 mg 100g-1 %

Lemon Juice-1 483.8 ±32.6 545.3 ±52.0 -11.3

Lemon Juice-2 1316.4 ±48.9 1397.7 ±98.9 -5.8

Orange Juice 24.6 ±0.9 27.3 ±2.0 -9.7

Organic Orange Juice 60.2 ±2.0 60.1 ±5.5 0.3

Ananas Juice 18.5 ±1.3 18.6 ±0.5 -0.5

Rose hip 55884.2 ±1680.2 53574.3 ±1562.8 4.3

Food Supplier-1 8689.2 ±320.6 9530.2 ±811.8 -8.8

Food Supplier-2 1291.3 ±150.8 1329.9 ±110.9 -2.9
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Possible Interferences

AA (125 ppm)

+ Citric Acid (CTR)

+ Malic acid (MAL)

+ Fructose (FRU)

+ Glucose (GLU)

+ Caffeic acid (CF)

+ Gallic Acid (AG)

+ Tannic Acid (TN)

Ascorbic acid determination in samples

Recovery: 
92 - 114 %
RSD ≤ 7 %, n=3

LIM: Colorimetric determination of Ascorbic Acid


